A broad review is presented of recent developments in the commercialization of southern Africa indigenous flora for the cut flower trade, including potted flowers and foliages ("greens"). The botany, horticultural traits and potential for commercialization of several indigenous plants have been reported in several publications. The contribution of species indigenous and/or endemic to southern Africa in the development of cut flower crop plants is widely acknowledged. These include what is known in the trade as gladiolus, freesia, gerbera, ornithogalum, clivia, agapanthus, strelitzia, plumbago and protea. Despite the wealth of South African flower bulb species, relatively few have become commercially important in the international bulb industry. Trade figures on the international markets also reflect the importance of a few species of southern African origin. The development of new research tools are contributing to the commercialization of South African plants, although propagation, cultivation and post-harvest handling need to be improved. A list of commercially relevant southern African cut flowers (including those used for fresh flowers, dried flowers, foliage and potted flowers) is presented, together with a subjective evaluation of several genera and species with perceived potential for the development of new crops for the florist trade. It is concluded that research should be focused on potential markets rather than on preconceived product concepts. A special national effort is required to maximize the opportunities presented by the rich diversity of the flora and to develop an internationally competitive cut flower industry.
Introduction
International interest in South African indigenous floriculture increased since the middle of the eighteenth century, when Linnaeus started naming and describing the rich abundance of new floral plant examples, albeit in dried form, received initially from the Western Cape. Since then, numerous botanical travelers and explorers, including Thunberg, Drège, Burchell, Masson and more recently Hutchinson (1946 , see also Beukes, 1996 , described in detail the novelty of the southern African flora. The uniqueness of the flora has been the focus of international interest, especially in the Cape Floral Kingdom, which is the smallest and most diverse of the six Plant Kingdoms of the world, all contained in one country. This region, well known as the Fynbos Biome, contains nearly 9000 species, of which more than 60% are endemic (Goldblatt and Manning, 2000) . The rest of southern Africa is equally rich in botanical diversity, with 21 817 species and, if subspecies, varieties and forms are included, a total of 24 035 taxa (Germishuizen and Meyer, 2003) . The popularity of the South African flora is also reflected in the fact that Kirstenbosch Botanical Garden is one of the main tourist attractions in Cape Town (www.info.gov.za/aboutsa/tourism) and that South Africa has a proud record of regularly winning gold medals at the Chelsea Flower Show in the United Kingdom (www.sanbi.org/index).
The commercial importance of South African cut flowers
Several South African plant species are well known internationally as the source of genetic material for cut flowers that have been hybridized, registered with plant breeder's rights and distributed world-wide. These include species of Clivia, Freesia, Gerbera, Gladiolus, and Protea. Species and hybrids of several other genera are currently the subject of international interest among breeders, including Agapanthus, Arctotis, Crocosmia, Disa, Eucomis, Erica, Haemanthus, Ixia, Lachenalia, Leucadendron, Leucospermum, Lobelia, Mimetes, Nerine, Nymphaea, Ornithogalum, Osteospermum, Pelargonium, Rhodohypoxis, Serruria, Sparaxis, Strelitzia, Streptocarpus, Tulbaghia, Venidium, Watsonia and Zantedeschia. In Table 1 , a list is given of all or most of the genera and species of historic or current commercial interest. The annual Hortifair (www.hortifair.nl/) in The Netherlands and other Flora Expo's in Europe and Asia are proof of the demand for South African ornamentals. For example, in the first 11 weeks of 2011, no less than 86929 090 stems of "gerbera mini" were sold on the Dutch Flower Auction (FloraHolland clock sales), as well as 35 749803 singleflowered freesias (April 2011/www.Floracultureinternational. com) . Gerbera × hybrida appears to be the top commercial cut flower of South African origin; it is now the fifth most popular cut flower in the world (after roses, carnations, chrysanthemums and tulips). The history of commercial gerberas goes back to the Cambridge Botanical Garden in 1886, when a cross was made between Gerbera jamesonii and G. viridiflora (Johnson, 2010) . The modern cultivars, classified in two categories (standard and mini) are probably partly derived from other species as well. Regularly updated EU surveys (www.cbi.eu/marketinfo/) provide production and consumption figures, as well as market values. In 2009, it was indicated that the economic crises have put pressure on the market for cut flowers. However, FloraHolland reported that for 2010 their turnover was more than € 4 billion, 7% higher than the previous year, which is promising for the cut flower trade (Kras, 2010) . In comparison, Multiflora Johannesburg (the largest flower market in Africa) reported an annual turnover of € 18 million (Kras, 2011) .
Although the first chincherinchees (Ornithogalum species) from the Cape were exported by ship in the 1890s, large-scale cut flower exports from South Africa started in the 1980s as a non-traditional high value commodity (Malter and Reijtenbagh, 1996) . Off-season supply of cut flowers to Europe with low air freight rates and northbound freight capacity was positive, and floriculture in South Africa had very little government involvement causing the private sector to organize itself. Export trade figures released by the Perishable Products Export Control Board (PPECB) in the export directories of 2008 and 2010 (available at www.PPECB.com) indicate a downward trend since 2002/2003 for all flora exported, which includes cut flowers, ferns, orchids, reeds and grasses, as well as proteas and Cape fynbos. It appears that increased transport costs and perceptions about the high carbon footprint of imported goods are partly responsible for this trend. For the past five seasons, Central Europe was still the main destination, although the United Kingdom imports are rapidly increasing, mostly due to an increased demand for bouquets. The Eucarpia-section on ornamentals (www.eucarpia.org/) and IPA (www.ipa-protea.org/) conferences and proceedings provide further proof of interest in the South African flora. Coetzee et al. (2002) , at a regional meeting of the Food and Agricultural Organisation of the World (FAO), reported that about 70% of flowers exported from South Africa are from the fynbos, and in the 2008/2009 season this increased to 84% (PPECB export Directory 2010, available at www.PPECB.com).
The globalization of ornamental plants and use of genetic material by the industrialized countries ("floral colonization") has received little attention, yet 83% of commercial flora in the USA had a foreign origin, with 453 species from South Africa. This is not seen as exploitation but as an enhancement for horticulture (Taylor, 2010) . Roh and Lawson (1996) provided an extensive perspective on a selection of South African bulbous plants tested in cooperation with the United States Department of Agriculture (USDA). Modern-day interest lies in the biodiversity and in the breeding with new market trends and adaptations to local growing conditions. South Africa is regarded as a "hotspot" of diversity and an important source of the potential cut flower cultivars, as seen in the large number of species listed in Table 1 . The National Environmental Management: Biodiversity Act of 2004 (NEMBA) that came into effect on the 1st of April 2008 specifically excludes ornamental plants from its provisions and regulations. In the bulbous ornamental plant industry, Gladiolus and Freesia, which originate from South Africa, are important fresh cut flowers in world markets , but in essence are "lost" to South Africa in terms of economic benefits (Coetzee, 2002) . According to Kamenetsky and Miller (2010) , the seven genera dominating the trade in ornamental geophytes or flower bulbs are Tulipa, Lilium, Narcissus, Gladiolus, Hyacinthus, Crocus and Iris, but Freesia, Ornithogalum, Hippeastrum, Allium and Muscari are also prominent. Internationally, interest is increasing in the wide range of ornamental plant diversity available in South Africa. Review articles on breeding results for new improved cultivars from indigenous plants explore the potential of new markets and increased trade (Wessels et al., 1998) . During the late 1990s, the Agricultural Research Institute (ARC) and the Southern African Center for Cooperation in Agricultural and Natural Resources Research and Training (SACCAR) conducted studies (Wessels et al., 1997) to analyze the socioeconomic impact of the "Proteaceae Development and Transfer Program", which started in 1974 and eventually ended in 2005. The financial analyses indicated a rate of return between 7 and 12%, showing that the Proteaceae research program was a profitable investment to society (Wessels et al., 1998) . A study by Marasas et al. (1998) on Lachenalia research (since 1965) indicated negative results in financial and economic terms but the project was considered invaluable in terms of human capital development and the knowledge that was gained . However, the industry experienced a downward trend and expectations based on future projections did not materialize. A survey in 2004 (Matthee et al., 2005) showed that the South African flower export industry is not operating to its full potential and that it lacks competitiveness in several aspects. New socio-economic studies to assess the current situation are recommended. Baudoin et al. (2007) highlighted the fact that the FAO is committed to improve food security for reducing malnutrition Table 1 List of indigenous southern African plant species of commercial interest in the florist trade (information mainly from Brown and Duncan (2006) and Maree and Van Wyk (2010) . Uses are indicated as F = fresh flowers; D = dried flowers; Fol = foliage (mostly leaves, but also stems, fruits or small flowers); Pot = potted flowers (excluding foliage plants).
Species and family
Common in under-developed countries. It is seen as a priority that the South African development of Lachenalia, Ornithogalum, Eucomis as well as Proteaceae for the key export market (60%) should be diversified to other markets. Promoting the development of the floriculture sector in developing countries not only assist in biodiversity conservation, but also lead to improved levels of employment and income (Baudoin et al., 2007) . The monetary value of sales based on flowers of southern African origin however, does not currently provide a large enough source of income to justify major new research projects in South Africa. Furthermore, the South African indigenous flower trade is not yet fully regulated as an industry enterprise and is historically focused on the local market. International trends in increased transport cost, concern about carbon footprints, higher labor costs in South Africa compared to other large-scale producing countries and the economic crises since 2009 impacted negatively on the South African flower trade. Successful commercialization of South African plants does not rely only on their unique esthetic features and attractiveness ( Fig. 1 ; the main selection criteria for the choice of several species listed in Table 1 ), but in order to compete on international flower markets, they need to be true to type, available in large quantities for a relatively long marketing period, and have an acceptable vase life. This requires sustainable propagation and Tygerhoek Experimental Farm at Riviersonderend and since 1988 to the Elsenburg Experimental Farm. The first cultivar released by Dr Gert Brits was Protea repens 'Guerna'. Breeding continued and concentrated on interspecific hybrids with objectives to release "product lines" for longer flowering times, adaptability to cultivation and horticultural systems. Genetic resource conservation of economic important fynbos plant material is housed in a living and potted genebank (ARC-Roodeplaat Research Report 1949 -1999 . Research on indigenous plants has also been conducted at Universities to understand the potential of indigenous flora. Aspects being investigated include propagation by conventional means such as cuttings or seeds (Brits, 1987; Malan, 1992; Van Staden and Brown, 1977) or tissue culture Liu et al., 2006; Rugge, 1995; Wu and Du Toit, 2010) , cultivation methods (Schmeisser et al., 2010; Theron and Jacobs, 1992) and post-harvest physiology (Hannweg, 2004; Ferreira, 2005; Stephens et al., 2005) . Valuable information on combating pests and diseases has also emanated from these research efforts (Bezuidenhout et al., 2010; Lubbe et al., 2004 Lubbe et al., , 2006a Marincowitz et al., 2008; Swart et al., 1998) . A study by Crous and Groenewald (2011) found a wide range of microfungi in senescent Phaenocoma prolifera flowers and suggested that these may contribute to a loss of flower quality in both wild-harvested and cultivated flowers from the Cape Floral Region, especially when the products have to be transported over long distances. Controlling the fungi may help to improve post-harvest quality. In addition, individual farmers and flower companies (www.futurefynbos.com/) are involved in research and development of indigenous flora for the cut flower market, especially to gain niche markets. The number of cut flower species being exported from various parts of the world has increased dramatically in recent years, apparently to satisfy a growing need for exciting novelty products (Maree and Van Wyk, 2010) , but the trade figures include traditional flowers such as roses, carnations and chrysanthemums, so that the contribution of indigenous species are difficult to estimate. The cultivation and commercialization of indigenous plants for use as cut flowers or potted ornamentals have also been investigated by the South African Biodiversity Institute at Kirstenbosch (Brown and Duncan, 2006) . There are notable success stories, such as the release of Strelitzia reginae 'Mandela's Gold', but there are still numerous indigenous genera and species that are in need of research and development (Table 1) . Breeders of bulbous plants have mostly relied on the selection of attractive mutants in the field or mutations induced by irradiation and other methods to broaden the range of forms and colors available (Krens and Van Tuyl, 2011) . New market entries are constantly needed to satisfy the demand for novelty. Kleynhans (2011) compared successes from conventional breeding with the use of mutation technology. Hyacinthaceae members such as Lachenalia, Ornithogalum, Eucomis and Veltheimia are especially suitable for mutation breeding because new plantlets can be generated from single cells in leaf tissue using a combination of modern tissue culture techniques (Kleynhans, 2011) . Several researchers have used indigenous floral crop plants for studies on micro-propagation with interesting contributions to science (Hannweg et al., 1996; Mycock et al., 1997; Niederwieser and Kleynhans, 1992) . Niederwieser et al. (2002a) provided results of extensive studies on the potential of commercialization of certain Amaryllidaceae. Their results indicated difficulties with cultivation, flower initiation and vase life, as well as a lack of uniformity of bulb size and limited color diversity. These are important obstacles in the development of new flower crops suitable for large-scale commercialization. A detailed practical study conducted by Thompson et al. (2011) on Watsonia, normally used as a border plant in gardens, revealed that flowering success was not related to corm mass, but rather to the environment under which the corm was stored, or the conditions under which the plant was grown. The value of this type of study is that the relationship between climate and flowering is better understood.
The advancement of biotechnology techniques, which started out as tissue culture methods for large scale plant multiplication, has developed to a point where in vitro breeding techniques are now applied to generate novel genetic combinations (Morgan et al., 2009 ). Ruffoni et al. (2011) used a combined protocol of in vitro propagation and in vivo corm enlargement for new Gladiolus hybrids. Molecular techniques are used to develop transgenic plants (De Villiers et al., 2000) but a detailed review is not attempted here. Flow cytometry is currently used for ploidy analysis in plant breeding, not only to determine ploidy levels and genome sizes but also to evaluate the hybrid origin of seedlings (Leus et al., 2009) . The application of biotechnology in South African bulbous plants was reviewed by Fennel and Van Staden (2004) and Niederwieser (2004) . According to Moyo et al. (2011) , South Africa has an opportunity to develop efficient and competitive plant biotechnology sectors. The process of plant barcoding, using certain DNA regions to identify plant material, could in future assist in cultivar development.
Requirements for the successful research and development of under-utilized floriculture crops were outlined by Niederwieser et al. (2002b) . The process depends on sustainable funding over a long period and a multi-disciplinary team of breeders, horticulturists, plant pathologists and post-harvest experts working in close collaboration with commercial growers and marketing agents. Training and technology transfer are also important considerations for the long term development of the South African economy, so that public funding seems to be an important priority. The conservation of biodiversity by maintaining gene banks is an important responsibility of society (Littlejohn and De Kock, 1997; Niederwieser et al., 1998) and goes hand in hand with the need for logistic and financial support at a national level to develop a well-organized and more market-driven floriculture industry in South Africa.
Cut flowers
Most aspects of research on indigenous flower production have been reported extensively at national and international conferences. Gerbera, Freesia and Gladiolus have been especially important contributions to the horticultural world (Lewis et al., 1972; Wilfret, 1980) , with hybrid flower sales currently or historically in the top 10 of total cut flowers sold annually on international markets. Gerbera aurantiaca, the rare and endangered Hilton Daisy (Johnson, 2010) and the vulnerable Gladiolus scabridus (Campbell and Bower, 2003) , are just two examples of species with considerable commercial potential in cut flower breeding.
Research on fynbos, and especially the commercialization of Protea, Leucadendron, Leucospermum, Serruria, Mimetes and other Proteaceae for the cut flower market, has been well described (Littlejohn, 2000; Mortimer et al., 2002; Reinten and Coetzee, 2002) . The International Society for Horticultural Science (ISHS) reprinted the reviews (in Horticultural Reviews, by editor Jules Janick) on the most important commercial Proteaceous ornamentals. These are for Leucadendron by Ben-Jaacov and Silber in 2006, Leucospermum by Criley in 1998 and Protea by Coetzee and Littlejohn in 2001 (ISHS, 2007) . To date, 90 Proteaceae cultivars and selections have been released by the ARC (personal communication, L. Blomerus). Diseases associated with indigenous cut flowers, an important phytosanitary constraint to exports, have also been under investigation (Bezuidenhout et al., 2010; Lubbe et al., 2006a,b; . According to Littlejohn (2000) , the genetic resources of the southern African Proteaceae are major contributors to the commercial Proteaceae products traded in the international floriculture market, but a concern is the lack of consistent long term funding. The Protea industry in South Africa is changing rapidly as a result of improved transport methods and new innovative export systems (Kras, 2010) . Registration of new cultivars of proteaceous ornamentals by the International Protea register is web-based: www.nda. agric.za/docs/GenPub/IPR2010.pdf. Fynbos products, and especially Proteas, have for many years been a known export product from mostly the Western Cape. This existing export has more potential, and will increasingly find its own place in a wide array of floricultural products (Kras, 2010) . As a result, the South African Proteaceae have become the subject of international research interests. Venecourt and Allemand (2003) described similarities and differences in cultivating pincushions and proteas in France and South Africa. Micropropagation by French researchers (Thillerot et al., 2006) , and Australian researchers (Croxford et al., 2006) on South African fynbos is ongoing. At the University of La Laguna in Spain, Rodríguez-Pérez et al. (2009) continue with extensive basic research on Proteaceae, with investigations focused on cultivation methods. Internationally, there is an increase in the breeding of Proteaceae (Passarinho et al., 2008; Leonhardt et al., 2008) .
It seems likely that more and more South African flowers will find their way to international cut flower markets. There is considerable research interest in selecting new species and breeding new cultivars of Agapanthus, Bulbinella, Crocosmia, Disa, Eucomis, Erica, Ixia, Mimetes, Nerine, Ornithogalum, Serruria, Sparaxis, Strelitzia, Tulbaghia, Watsonia and Zantedeschia for the cut flower industry. The orchid genus Disa, comprising of more than 130 species, is increasingly sought after as a cut flower and potted plant, so that research on its cultivation (Crous and Duncan, 2006; Pienaar and Combrink, 2007) has become an important priority. Research on the propagation, cultivation and post-harvest handling of indigenous plants is on the increase as the commercialization process continues.
Potted flowers
South African plants grown as potted flowers are sold in nurseries and florist shops worldwide. Among the most popular and conspicuous in Europe are cultivars of Pelargonium zonale and P. peltatum, the basis of an industry worth many millions of euros per annum. Potted flowers have become an important part of the florist trade (Maree and Van Wyk, 2010) and interesting new cultivars are being developed for this expanding market.
In South Africa, flowering potted plants of distinctive varieties of indigenous Plectranthus (Lamiaceae) have been developed by breeding and horticultural adaptations, mostly for the international market (Brits et al., 2001) , resulting in compact, floriferous plants with large flowers and beautiful foliage. The genus Ornithogalum has also been the subject of local breeding efforts at ARC-Roodeplaat (Littlejohn, 2006) , with a total of eight cultivars released up to date (Personal communication, R. Kleynhans) . To overcome problems with Ornithogalum mosaic virus, an attempt was made to develop resistant transgenic plants (De Villiers et al., 2000) .
Lachenalia research at ARC-Roodeplaat, and other institutions, has resulted in the release of 29 cultivars (personal communication, R. Kleynhans). Cultivation and handling methods to improve bulb storage, bulb preparation, and growing regimes have been extensively investigated (Claassens, 1990; Coertze et al., 2001; Du Toit et al., 2001 , 2002 Engelbrecht et al., 2008 Engelbrecht et al., , 2010 Kleynhans and Spies, 1999; Kleynhans et al., 2002 Kleynhans et al., , 2009 Kleynhans, 2006; Niederwieser, 2000; Spies et al., 2008) . The aim was to improve the crop and to overcome the problems posed by switching from southern to northern hemisphere climatic regimes. Kleynhans (2009) discussed in depth the need for utilizing basic research and the principles of genetics in the breeding of Lachenalia but also highlighted the importance of practical aspects such as the collection of germplasm, the physical and genetic characterizations and evaluation of germplasm (for creating variation) and the establishment of selection criteria. The knowledge and experience of both breeders and market evaluators are essential in new crop development. Although Kleynhans (2009) The use and cultivation of indigenous bulbs, including largescale production for exports, were boosted in South Africa by Hadeco (Barnhoorn, 1995) . South Africa is exceptionally rich in geophytes (Manning et al., 2002) , so that many more bulbous plants are likely to become commercially available as potted flowers. The most likely candidates (some based on appearance only) are listed in Table 1 . These include species of Albuca, Androcymbium, Aristea, Babiana, Bulbinella, Cyanella, Cyrtanthus, Daubenya, Empodium, Eucomis, Ferraria, Freesia, Geissorhiza, Gethyllis, Gladiolus, Haemanthus, Hesperantha, Hessea, Hypoxis, Ixia, Lachenalia, Lapeirousia, Ledebouria, Massonia, Moraea, Nerine, Ornithogalum, Ornithoglossum, Polyxena, Rhodohypoxis, Romulea, Sparaxis, Spiloxene, Strumaria, Syringodea, Tritonia, Tulbaghia, Veltheimia, Wachendorfia, Walleria, Watsonia and Wurmbea. From this long list is evident that there is an almost limitless potential for developing new horticultural crops for the trade in potted flowers. Some attractive species are presently considered to be unsuitable because of practical difficulties relating to propagation, cultivation, irregular flowering, short flowering periods and other seemingly insurmountable obstacles. However, it is likely that the premium on novelty will increase in the future and that modern biotechnology will be used to overcome inherent flaws in order to create viable new crops. Daly and Henry (2009) reported that potted geophytes as winter-blooming house plants are in demand for the USA market and gave results of an evaluation of Gladiolus, Freesia, Ornithogalum, Babiana, Ixia, Ledebouria, Oxalis, Sparaxis, Tritonia, Aristea, Drimiopsis, Veltheimia, Watsonia and Lachenalia, either as species or cultivars. Temperature-controlled greenhouse studies (Ehlers et al., 1998) were used to manipulate flowering and indicated variations between clones. Ehrich et al. (2007) reported on forcing South African Iridaceae as potted plants in Berlin, Germany, by manipulating the temperature regime and by transporting the bulbs between hemispheres to save energy and reduce production time. The unique Sandersonia aurantiaca, popularly known as Christmas bells or Chinese lantern lily, has been extensively researched in New Zealand (Morgan et al., 2002) , including aspects of cultivation, tuber storage and post-harvest treatment. Morgan et al. (2009) reported that Sandersonia seedlings show very little phenetic variation and that attempts are made to increase variation through hybridization with the related genera Littonia and Gloriosa. Some cultivars of Aloe are suitable for containers, such as the best-selling Aloe 'Hedgehog' that was released in 2006 (De Wet and Bean, 2011) . After many years of local breeding efforts, more than 30 named Aloe cultivars have recently become available in South Africa. Success can be ascribed to a careful consideration of market demand in the selection criteria (in this case the requirements of landscape architects). Also of interest is the rich diversity of miniature succulents, which are ideally suited for container cultivation, including the genera Argyroderma, Conophytum, Gibbaeum and Lithops (Aizoaceae), Adromischus, Crassula, Kalanchoe and Tylecodon (Crassulaceae) and Haworthia (Xanthorrhoeaceae).
Foliages ("greens")
Products marketed as foliage or florist "greens" include bamboos, sedges, reeds, ferns and grasses. Fynbos "greens" and similar products from Australia (leafy stems with or without small flowers) are sometimes included in this category (Maree and Van Wyk, 2010) . In the period 2002/3 to 2008/9, South African export figures for proteas and Cape fynbos dropped from 4 400 000 to 3 400 000 kg exported, while all flora exports (this includes cut flowers, ferns, orchids, reeds and grasses, as well as proteas and Cape fynbos, that amounted to 6 800 000 kg exported in 2002/3 and 7 200 000 kg in 2004/5, declined to ca. 5 000 000 kg in recent years (PPECB export directories for 2008 and 2010, available from www.PPECB.com). This is mostly attributed to air freight costs that have become prohibitive due to the long distances involved and the relatively low value of these products. Species of the Cape Restionaceae, although sometimes not considered to fit strictly into the category of "greens", are selected for ornamental pot and patio plants (May et al., 2007) and are in demand in the United Kingdom.
Conclusions
South African plants have made a substantial contribution to the world trade in ornamental plants and cut flowers, and are continuing to do so. A rich genetic resource is available for further development and hybridization. The local turnover in floriculture is unfortunately insufficient to allow for large and ambitious new breeding programs and research initiatives, so that public funding is required to stimulate growth in this potentially important industry. Success is likely to come from a more market-driven approach as opposed to the product-driven strategies of the past. There is also an urgent need for planning and coordination at national level to maximize the opportunities presented by the exceptionally rich floral wealth of South Africa and to ensure that local people benefit from this potentially valuable resource.
